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(54) Method for producing quartz glass preform for optical fibers 



(57) An object of the present invention is to provide 
a simple method for producing a quartz glass preform 
for optical fibers of large size and high quality capable of 
minimizing the clearance between the core glass rod 
and the quartz glass tube for the preform, upon produc- 
ing a quartz glass preform optical fibers in accordance 
with a rod-in-tube method, suitable to cost reduction, 
and free from the presence of bubbles at the welded 
inter surface. 

A method for producing a quartz glass preform for 
optical fibers comprising inserting a core glass rod into 
a quartz glass tube and then heating and melt welding it 
to obtain a monolithic body, wherein said quartz glass 
tube preforms has in its longitudinal direction , a mean 
difference in outer diameter of up to about 1.0 mm, a 
mean difference in inner diameter of up to about 0.5 
mm, an outer diameter circularity of up to about 0.5 mm, 
an inner diameter circularity of up to about 0.5 mm . and 
a deviation of circle center for the mean outer diameter 
of up to about 1 mm with a deviation of the circle center 
for the mean inner diameter with respect to the circle 
center for the mean outer diameter of up to about 1 mm 
, said quartz glass tube having been obtained by 
mechanically grinding the inner and outer peripheral 
surface of a high purity quartz glass ingot using dia- 
mond abrasive particles and then mechanically polish- 
ing the inner peripheral surface thereof with cerium 
oxide abrasive particles, sakl quartz glass tube having 



an OH group concentration of up to about 1 ppm , a 
chlorine content of up to about 3000 ppm , a gaseous 
hydrogen discharge quantity of up to about 1.0 x 10^^ 
molecule/cm^, and a water vapor discharge quantity of 
up to about 2.0 X 10^^ molecule/cm^. 
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Description 

Detailed Description of tlie invention 

Field of Application 

[0001 ] The present invention relates to a method for 
producing a quartz glass preform for optical fibers. Spe- 
cifically, it relates to a method for producing a large 
quartz glass preform for optical fibers by heating and 
melt welding a large quartz glass tube integrally with a 
large core glass rod. The method provides excellent 
welding properties between the preform quartz glass 
tube and core glass rod, which has high surface preci- 
sion. The preform obtained is free from bubbles at the 
welded interlace relative to the core glass rod preform. 

Background of the Invention 

[0002] In recent years, a great amount of optical fib- 
ers have been utilized for single mode, and it is 
expected that a greater amount of optical fibers will be 
required as the application ranges of the optical fibers 
extend from a long distance main lines to subscriber 
lines. For the extension of such an application range, 
mass production and cost reduction of optical fibers are 
indispensable. A most convenient method for accom- 
plishing these goals is preparation of large size and long 
preforms for optical fibers and wire-drawing of them. 
However, since all of the core portions and clad portions 
are prepared by the axial depositions method (VAD 
method) or external deposition method (OVD method) 
put to practical use so for, a drawback exists in that the 
productivity of the preform or optical fiber may possibly 
be reduced when the size is increased further. In addi- 
tion, when the porous material before vitrification of the 
preform {soot body formed by deposition of fine silica 
glass particles, hereinafter referred to as "porous soot 
body") itself is intended to be formed in a large scale, in 
a problem results because cracks are formed or prob- 
lems such as dropping of the porous soot body may 
sometimes occur, thereby bringing about the possibility 
of remarkably lowering the productivity. As a method for 
producing an optical fiber for overcoming the problems, 
Japanese Patent Laid-Open No. 109141/1995 pro- 
poses a method for producing optical fibers which com- 
prises preparing a clad portion for 80% or more of a 
cross sectional area by a high performance method 
capable of cost reduction, and integrating a quartz glass 
tube with a core glass rod prepared by the VAD method 
or the OVD method. 

[0003] In the production method described in the 
publication mentioned above, the inner diameter portion 
of the quartz glass tube is apertured by a mechanical 
aperturing fabrication and then subjected to super pre- 
cision grinding by a honing machine, while the outer 
peripheral surface is formed by a cylindrical grinding. 
This results in problems with the quartz glass tube 



obtained having an elliptic shape with a major diameter, 
and a minor diameter, or having a plurality of minute 
unevenness or minute cracks on the inner and the outer 
peripheral surfaces. Therefore, when it is welded inte- 

5 graliy as the quartz glass tube for cladding or over clad- 
ding with the core glass rod. if the welding tenperature 
is adjusted to that for the minor diametrical portion, the 
welding with the core rod becomes insufficient on the 
side of the major diameter, thereby forming a non- 

w welded portion or forming bubbles, whereas the core 
glass rod and the inner peripheral portion are suffi- 
ciently welded, but heat is excessively applied to the 
outer periphery to worsen the accuracy if the tenpera- 
ture is adjusted to that for the longer diametrical portion. 

IS Accordingly, there have been problems such as discon- 
nection of optical fibers during wire drawing, or trouble 
for the connection of the optical fibers after drawing. 
[0004] However, since the production method 
desaibed in the publication described above is a pro- 

20 duction method capable of easily enlarging the size and 
increasing the length, and suitable to mass production 
and cost reduction, a study to improve the production 
method has been conducted: and. as a result, the 
present invention has been accomplished based on the 

25 finding that the foregoing problems can be overcome by 
attaining high accuracy for the variation of the inner and 
outer diameter in the longitudinal direction of the quartz 
glass tube for the preform or for the fluctuation of the cir- 
cularity so as to be below predetermined values thereby 

30 capable of overcoming the foregoing. 

[0005] However, in the production method 
described in the publication mentioned above there are 
other drawbacks: Since the inner peripheral surface of 
the quartz glass tube is formed by mechanical grinding 

35 and polishing, while the outer peripheral surface ie 
merely mechanically ground, the fabricated state at the 
peripheral surface is rough to cause unevenness or 
crack in which coolant, grinding powder and abrasive 
powder intrude during grinding. The obstacles can not 

40 be removed sufficiently by hydrofluoric acid cleaning 
after fabrication to cause bubbles upon welding integra- 
tion with the core glass rod and the presence of 
remained bubbles brings about a drawback of causing 
troubles in connection of optical fibers after wire draw- 

45 ing. Altiiough an intensive etching treatment may be 
considered to completely remove the unevenness or 
crack, indents or flaws of the quartz glass tube are 
selectively etched in tiie etching treatinent. which fur- 
tiier roughen the Inner and the outer surfaces of tfie 

50 quartz glass tube and can not dissolve the foregoing 
drawback. However, since the size of the preform for 
optical fibers can be enlarged easily by tiie production 
metiiod for optical fibers as described in Japanese Pat- 
ent Laid-open No. 109141/1995 and which is a produc- 

55 tion method suitable to mass production and cost 
reduction, the present inventors have made an earnest 
study for improving the production metiiod and have 
accomplished present Invention based on tiie finding 
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that the foregoing drawback can be overcome by grind- 
ing the inner and the outer peripheral surfaces of a 
quartz glass ingot accurately with diamond abrasive 
particles and then polishing the inner peripheral surface 
with cerium oxide abrasive particles to improve the sur- 
face accuracy. 

[0006] However, studies on futher improvement of 
the known method have been conducted and, as a 
result, a has been found that occun^ence of a non- 
welded portion or the presence of bubbles at the inter- 
face in the optical fiber preform are also caused by the 
OH group concentration, chlorine concentration, hydro- 
gen discharge quantity and water vapor discharge 
quantity in the quartz glass tube. 

Summary of the Invention 

[0007] It is an object of the present invention to pro- 
vide a method for producing a preform for optical fibers 
free from the presence of bubbles at the welded inter- 
face between the quartz glass tube and the core glass 
rod used as the preform for optical fibers. It is a further 
object of the present invention to provide a large pre- 
form for optical fibers, which is suitable to mass produc- 
tion and reduction of cost. 

[0008] These objects and others that will become 
apparent from the following specification are achieved 
by providing a method for producing a quartz glass pre- 
form for optical fibers comprising insertinfg a core glass 
rod for use as a preform of optical fibers into a quartz 
glass tube for a preform of optical fibers and then heat- 
ing and melt welding it to obtain a monolithic body, 
wherein said quartz glass tube for preforms has in its 
longitudinal direction, a mean difference in outer diame- 
ter of up to about 1.0 mm , a mean difference in inner 
diameter of up to about 0.5 mm, an outer diameter cir- 
cularity of up to about 0.5 mm, an inner diameter circu- 
larity of to about 0.5 mm. and a deviation of circle center 
for the mean outer diameter of up to about 1 mm with a 
deviation of the circle center for the mean inner diame- 
ter with respect to the circle center for the mean outer 
diameter of up to about 1 mm, said quartz glass tube for 
preforms being a quartz glass tube obtained by 
mechanically grinding the inner and outer peripheral 
surface of a high purity quartz glass Ingot using dia- 
mond abrasive particles and then mechanically polish- 
ing the inner peripheral surface thereof with cerium 
oxide abrasive particles, said quartz glass tube for the 
preform has an OH group concentration of up to about 1 
ppm, a chlorine content of up to about 3000 ppm. a gas- 
eous hydrogen discharge quantity of up to about 1 .0 x 
10^® molecule/cm^, and a water vapor discharge quan- 
tity of up to about 2.0 X 10^^ molecule/cm^. 
[0009] As described above, the production method 
according to the present invention is a method of pro- 
ducing a quartz glass preform for optical fibers by a so- 
called rod-in-tube method of inserting a core glass rod 
for optical f ber preform in a quartz glass tube for an 



4 

optical fiber preform and ttien welding tiiem integrally, 
wherein the quartz glass tube used for preform has, in 
the longitudinal direction thereof, a mean difference in 
inner diameter of up about 0.5 mm, an outer diameter 

5 circularity of up to about 0.5 mm. an inner diameter cir- 
cularity of up to about 0.5 mm, and a deviation of the cir- 
cle center for the mean outer diameter of up to about 1 
mm, a deviation of the circle center for tiie mean inner 
diameter with respect to the circle center for the mean 

10 outer diameter of up to about 1 mm. If the numerical val- 
ues in the quartz glass tube are out of the range as 
described above, disadvantages result because the 
inner and the outer peripheries of the core glass rod and 
the quartz glass tube are not heated uniformly, the core 

75 glass rod is brought into contact with the quartz glass 
tube upon insertion to damage the inner peripheral sur- 
face tiiereof. which causes deviation of ttie circle center 
or the presence of bubbles. Further, clearance between 
the core glass rod and the quartz glass tube can not be 

20 decreased making It difficult for the production of the 
quartz glass preform at high accuracy for use in optical 
fibers. 

[0010] The mean difference in the outer diameter 
described above is a value obtained by measuring tiie 

25 outer diameter of the quartz glass tube of a predeter- 
mined length for 4 points to 360 points at every 50 to 
100 mm interval by a laser type outer diameter measur- 
ing instrument and determining the outer diameter on 
tiie periphery and averaging tiiem. The mean difference 

30 inner diameter is a value obtained by measuring the 
wall thickness of a tube at 4 points to 360 points at every 
50 to 100 mm interval by a laser type tiiickness measur- 
ing instrument in the same manner as described above, 
detenfnining the inner diameter on the periphery by cal- 

35 culation with respect to tiie outer diameter and averag- 
ing them. The circularity is a value obtained by 
measuring the outer diameter and the wall thickness of 
a quartz glass tube of a predetermined length at 4 
points to 360 points at every 50 to 100 mm interval by a 

40 laser type outer diameter measuring instrument and a 
thickness measuring instrument, calculating the inner 
diameter using them, determining the maximum value, 
tiie minimum value and the mean value for the outer 
diameter and the inner diameter on the circumference, 

45 and determining the maximum value for [maximum 
diameter (inner diameter) - mean outer diameter (inner 
diameter)] or [mean outer diameter (inner diameter) - 
minimum diameter (inner diameter)] as the circularity for 
the circumference. Further, the deviation of tiie circle 

50 center is a deviation, based on the center of a plane for 
the mean outer diameter and the mean inner diameter 
on tiie end face of a quartz glass tube, relative to an axis 
extending from the center of tiie circle for the outer 
diameter plane and the inner diameter plane perpendic- 

55 ular to the longitudinal direction of the tube. 

[0011] The quartz glass tube for optical fibers at 
high accuracy is produced by at first grinding the outer 
peripheral surface of a columnar or cylindrical quartz 
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glass ingot by a cylindrical grinding device having dia- 
mond abrasive particles, then polishing by a polishing 
device to define an outer diameter, determining the cir- 
cle center for the outer diameter, opening an aperture 
corresponding to the circle center by a core drilling 5 
device having diamond abrasive particles and then pol- 
ishing by a polishing device having cerium oxide abra- 
sive particles. Since the outer peripheral surface is thus 
formed with a high accuracy, accurate size can be 
measured even if small unevenness is present on the w 
outer surface when measuring the outer diameter by a 
laser measuring instrument, and an inner peripheral 
surface at high accuracy can be ground. A method of 
enforcing a carbon drill under heating may be used for 
the formation of the inner peripheral surface of the 75 
quartz glass tube. This method is particularly suitable to 
grinding of the inner peripheral surface of a large size 
quartz glass tube and the inner peripheral surface is 
formed as a mirror face by a grinding, so that polishing 
can be saved. 20 
[001 2] The method of manufacturing a columnar or 
cylindrical quartz glass ingot for forming a quartz glass 
tube used in a present invention can include, for exam- 
ple, a method of flame hydrolyzing a siloxane com- 
pound such as silicon tetrachloride or organic silicon 
compound in an oxyhydrogen flame, depositing the 
resultant fine silica particles and dehydrating and vitrify- 
ing them, or a Verneuil method of applying an oxyhydro- 
gen flame treatment to a crystal powder formed by 
pulverizing naturally occurring crystals and then purify- 
ing them by chemical treatment, a large and elongate 
ingot being preferred. By use of the large size and elon- 
gated ingot, optical fibers suitable to mass production 
and cost reduction can be obtained. 
[0013] On the other hand, the core glass rod for 
optical fibers is a light transmission portion and includes 
a quartz glass rod or a quartz glass rod having an opti- 
cal clad portion formed on the periphery thereof. That Is, 
"core glass rod" in the present invention Includes a core 
rod and a core rod with clad. A core rod with no clad por- 
tion can be formed, for example, by a known VAT 
method or OVD method, while means for preparing the 
core rod with clad can include a method of jacketing a 
quartz glass tube over a core rod or a method of forming 
a clad portion to the periphery of the core rod by the 
OVD method or the like. 

[0014] The quartz glass preform for optical fibers 
using the core glass rod for optical f ber preform and the 
quartz glass tube for optical fiber preform is produced 
by inserting a core glass rod for a preform into a quartz 
glass tube for a preform carefully so that it is not in con- 
tact with the inner peripheral surface of the tube, fixing 
them while aligning each of the circle centers for the 
glass core rod and the quartz glass tube, preferably 
connecting both ends to dummy quartz materials, 
amending bending and torsion caused by connection 
while rotating the entire portion, placing them from the 
lower end into a vertical electric furnace from above and 



melt welding them integrally by heating zonewise suc- 
cessively at a temperature of about ISOO^'C to about 
2800°C. The successive zonewise heating is also 
referred to as a zone melting In which heating area 
moves gradually. 

[001 5] As described above, the production method 
according to the present invention comprises mechani- 
cally grinding the inner and the outer peripheral sur- 
faces of a quartz glass ingot at high purity with diamond 
abrasive particles at a high grinding speed, with less 
roughening for the ground surface and with less degra- 
dation of abrasive stone and then mechanically polish- 
ing the inner peripheral surface with cerium oxide 
abrasive particles to enhance the surface accuracy. The 
surface accuracy of the quartz glass tube includes a 
maximum roughness Rmax of up to about 1 ^lm and a 
center line average roughness Ra of up to about 0.1 ^m 
for an inner peripheral surface and an outer peripheral 
surface having a maximum roughness Rmax of up to 
about 1 0 MTTi and a center line average roughness Ra of 
up to about 1 urn. If the maximum roughness and the 
center line average roughness of the surface exceed the 
ranges described above, bubbles may sometimes be 
formed on the welded interface of the preform for optical 
fibers, which is not preferred. The mechanical grinding 
with the diamond abrasive particles is preferably con- 
ducted by using diamond abrasive particles of different 
particle sizes, and at first conducting coarse grinding by 
diamond abrasive particles of a coarse particle size and 
then conducting finish grinding by diamond abrasive 
particles of a fine particle size. While fine cracks are 
formed on the inner and the outer peripheral surfaces of 
the quartz glass tube by grinding with the diamond 
abrasive particles, cracks on the outer peripheral sur- 
face are smoothed by heat melting upon welding inte- 
gration with the core glass rod. On tiie other hand, fine 
aacks are not melted suff icientiy and left as tiiey are on 
tiie inner peripheral surface since the heating tenfipera- 
ture is relatively low, so that polishing with cerium oxide 
abrasive particles is necessary. Preferably, heat melting 
is conducted after the polishing to apply min'or finishing 
so tiiat the Inner and the outer peripheral surfaces of the 
quartz glass tube have a maximum roughness Rmax of 
up to about 0.5 ^m and a center line average roughness 
Ra of up to about 0.1 jim. For tiie heat melting, flame 
melting using oxyhydrogen or propane, or external heat 
melting using an electric furnace can be used. When 
the quartz glass tube mirror finished by the heat melting 
is used for the clad (over clad) of the core glass rod, a 
favorable quartz glass preform for optical fibers free 
from bubbles at tiie welded interface can be produced. 
Also in a case of integrally welding one or plurality of 
other quartz glass tubes after tiie welding integration of 
the quartz glass tube and tiie core glass rod. favorable 
quartz glass preforms for optical fibers can also be pro- 
duced. 

[0016] The quartz glass tube for optical fiber pre- 
form is produced by flame hydrolyzing a siloxane com- 
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pound such as siiicon tetrachloride or an organic silicon 
compound in oxyhydrogen flame to form a porous soot 
body, dehydrating and then vitrifying the same, and 
mechanically grinding the quartz glass ingot obtained 
and. if necessary, further applying mechanical polish- 
ing. Then, control is applied so that the OH group con- 
centration Is up to about 1 ppm, the chlorine content is 
up to about 3000 ppm, the gaseous hydrogen discharge 
quantity is up to about 1.0 x 10^^ molecules/cm^ and 
the water vapor discharge quantity is up to about 2.0 x 
10^^ molecules/cm^ respectively in the quartz glass 
tube. The OH group concentration, tiie chlorine content 
the gaseous hydrogen discharge quantity and the water 
vapor discharge quantity are controlled by controlling 
the amount of oxygen and hydrogen as a combustion 
gas to be supplied and the amount of the starting mate- 
rial gas to be supplied. If the OH group concentration, 
the chlorine content, tiie gaseous hydrogen discharge 
quantity and water vapor discharge quantity exceed the 
ranges described above, bubbles are present at the 
welding interface between the quartz glass tijbe and the 
core glass rod for tiie optical fiber preform to give unde- 
sired effects on tiie wire drawing itself or the optical fiber 
after wire drawing. When the quartz glass tube obtained 
for optical fiber preform is further subjected to heating 
and degassing treatinent at about 800 - 2500°C in 
atmospheric air, in an inert gas or in vacuum atmos- 
phere, the gaseous hydrogen discharge quantity and 
the vapor water discharge quantity are further reduced 
and the gaseous hydrogen discharge quantity is 
reduced to up to about 5.0 x 10^^ molecules/cm^ and 
the water vapor discharge quantity is reduced to up to 
about 1.0 X 10^ ^molecules/cm^ when heating in the 
atmospheric air or an inert gas, and the gaseous hydro- 
gen discharge quantity Is reduced to up to about 2.0 x 
10''^ molecules/cm^ and the water vapor discharge 
quantity is reduced to up to about 5.0 x 10^^ mole- 
cules/cm^ when heating in tiie vacuum atmosphere. 
Particularly, tiie heating and degassing treatment at 
about 800 - 2500''C in the vacuum atiiiosphere is pre- 
ferred. The vacuum degree in the vacuum atmosphere 
is up to about 1 0 Pa or lower and, preferably, up to about 
0.5 Pa or lower. Since the gaseous hydrogen discharge 
quantity and the water vapor discharge quantity can be 
reduced by tiie heating and degassing ti-eatment, when 
the OH group concentration, the chlorine concentration, 
the gaseous hydrogen discharge quantity and the water 
vapor discharge quantity exceed the range defined in 
the present invention in the production of tiie quartz 
glass tube for the preform, the heating and degassing 
treatment is preferably applied to bring the OH group 
concentration, the chlorine concentration, tfie hydrogen 
discharge quantity and the water vapor discharge quan- 
tity into tiie ranges described above. 
[0017] In tiie production of the quartz glass tube 
according to the present invention, an outer circumfer- 
ential grinding device or a core drilling device can be 
used for tiie mechanical grinding, and a precision hon- 



ing device can be used for tiie mechanical polishing 
device. 

[0018] The OH group concentration in tiie quartz 
glass tube is measured by a measuring method 

5 described In D. M. Dodd and D. B. Fraser Optical deter- 
mination of OH in fused silica. Journal of Applied Phys- 
ics, Vol. 37(1966), and the chlorine content is measured 
by a silver nitrate turbidimetry, tiie gaseous hydrogen 
and water vapor discharging amounts are formed as 

10 gas discharge quantity in vacuum at 1 0OO^'C, and meas- 
ured by a measuring method as described in Y Morim- 
oto, et al.. Analysis of gas release from vitreous silica. 
Journal of Non-Crystalline Solids, Vol. 139(1992). In tiie 
measuring method, tiie detection limit for the gaseous 

75 hydrogen discharge quantity is 2.0 x 10^® mole- 
cules/cm^ and tiiat for the water vapor discharge quan- 
tity is 5.0 X lO""^ molecules/cm^. In the production of tiie 
quartz glass tube for optical fiber preforms, tiie gaseous 
hydrogen discharge quantity and tiie water vapor dis- 

20 charge quantity can be reduced to the detection limits 
by applying a heating and degassing ti'eatment in a vac- 
uum atinosphere at 800 - 2500°C. 

Description of tiie orefen-ed Embodiments 

25 

[001 9] The present invention is illusfated by way of 
tiie Examples but it should be understood that tiie 
present invention is not limited thereto. 
[0020] The maximum roughness Rmax and tiie 

30 center line average roughness Ra are in accordance 
with the definitions in Japanese Industi-ial Standard 
(J IS) B0601, and measured by a contact type measur- 
ing method of measuring at every 10 mm length by a 
convenient roughness gage (manufactured by Tokyo 

35 Seimitsu Co., Surfcom 300B) and determining tiie max- 
imum roughness Rmax and tiie center line .average 
roughness Ra in this measurement. 

Example 1 

40 

[0021] Using a VAD method, a porous soot body 
was prepared by vaporizing silicon tetrachloride, flame 
hydrdyzing it in an oxyhydrogen flame and depositing 
fine silica glass particles on a rotating quartz glass bar. 

45 The porous soot body was charged in an electric fur- 
nace and. while considering conditions such as refrac- 
tive index of the core glass rod, it was dehydrated under 
heating at 1 lOO'^C by a gas mixture of He and CI2. and 
successively vitrified in a He atmosphere at 1600*^0 to 

50 obtain a columnar quartz glass ingot. The columnar 
quartz glass ingot was cut at both ends, accurately 
ground at the outer periphery to a predetermined size 
by a cylindrical grinding device having diamond abra- 
sive particles and polished by a cerium oxide polishing 

55 device and tiien tiie size was measured by a laser outer 
diameter measuring instrument to determine the drcle 
center for the outer diameter. An aperture was formed 
by a core drilling device having diamond abrasive parti- 
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cles which was aligned with the circular center, polished 
by a precision honing device having cerium oxide abra* 
sive particles and then etched by hydrofluoric acid, 
washed with purified water and then dried to prepare a 
quartz glass tube. When the size of the quartz glass 
tube obtained was measured at 50 mm intervals by a 
laser outer diameter measuring instrument and a wall 
thickness measuring instrument, the tube had, in a lon- 
gitudinal direction) a length of 1000 mm, an outer diam- 
eter of 60 mm. a mean difference in the outer diameter 
of 0.4 mm, a circularity of 0.08 mm at the maximum, an 
inner diameter of 20 mm. a mean difference in the inner 
diameter of 0.02 mm, a circularity of 0.05 mm at the 
maximum and a deviation of the circle center for the 
mean outer diameter of 0.1 mm at the maximum and a 
deviation of the circle center for the mean inner diame- 
ter with respect to the circle center for the mean outer 
diameter of 0.1 mm at the maximum. 
[0022] A core rod for optical fiber preform with clad- 
ding having a difference of refractive index between 
core and cladding (An) of 0.343% was prepared by a 
VAD method, and stretched under heating in a vertical 
electric furnace at 2000''C while adjusting the outer 
diameter to 19 mm relative to the inner diameter of the 
quartz glass tube for the optical fiber preform. The core 
glass rod was carefully inserted into the quartz glass 
tube so that it is not in contact with the inner peripheral 
surface of the tube. The core glass rod and the quartz 
glass tube were secured with their circle centers being 
aligned with each other, connecting both ends to quartz 
glass dummy tubes, putting the lower end portion of 
them into a vertical electric furnace at 2000''C from 
above, to weld the lower end portion. Then, heating was 
conducted successively zonewise while reducing the 
pressure in the quartz glass tube by a vacuum pump to 
produce a preform for optical fibers. When the outer 
periphery of the obtained preform was measured at 50 
mm intervals by a laser outer diameter measuring 
instrument, the error was less than ± 0.2 mm with 
respect to the predetermined outer diameter. Further, 
when the quartz glass preform for optical fibers was 
measured by a preform analyzer, no deviation of circle 
center was obsen^ed. 

Example 2 

[0023] A columnar natural quartz glass ingot was 
prepared using quartz powder formed by pulverizing 
and an-anging grain size of naturally occurring quartz 
and chemically purifying it by a Verneuil method using 
an oxyhydrogen flame. When The columnar quartz 
glass ingot obtained was prepared into a quartz glass 
tube fa optical fiber preform in the same manner as in 
Example 1 , it had, in a longitudinal direction, a length of 
2000 mm. an outer diameter of 120 mm, a mean differ- 
ence in The outer diameter of 0.3 mm, a circulatory of 
0.15 mm at the maximum, an inner diameter of 60 mm, 
a mean difference in the inner diameter of 0.02 mm, a 



circularity of 0.03 mm at the maximum, a deviation of 
circle center for the mean outer diameter of 0.1 mm at 
the maximum and a deviation of the circle center for the 
mean inner diameter with respect to the circle center for 

5 the means outer diameter of 0.2 mm at the maximum. 
[0024] A core glass rod prepared in the same man- 
ner as in Example 1 with an outer diameter of 59 mm 
was aligned with inner diameter of the quartz glass tube 
and was inserted into the quartz glass tube so as not to 

10 be in contact with the inner peripheral surface of the 
tube, to produce a quartz glass preform for optical fibers 
like than in Example 1 . When the outer periphery of the 
preform obtained was measured at 50 mm intervals by 
a laser outer diameter measuring instrument, the enror 

IS was within ± 0.2 mm relative to the predetermined outer 
diameter. Further, when the quartz glass preform for 
optical fibers was measured by a preform analyzer, no 
deviation of circle center was observed. 



[0025] A porous soot body was prepared by a OVD 
method, placed in an electric furnace, heated and dehy- 
drated at 1 100*^0 in a gas mixture of Ng and CI2 in a fur- 

25 nace while considering conditions such as refractive 
index of the core glass rod and was successively heated 
in a vacuum atmosphere at ISOO^'C to prepare a cylin- 
drical quartz glass ingot. From the cylindrical quartz 
glass ingot obtained, a quartz glass tube was prepared 

30 in the same manner as in Example 1 . The quartz glass 
tube obtained had a length of 3500 mm. an outer diam- 
eter of 200 mm, a mean difference in the outer diameter 
in the longitudinal direction of 0.8 mm, a circularity of 
0.09 mm at the maximum, an inner diameter of 40 mm, 

35 a mean difference in the inner diameter in the longitudi- 
nal direction of 0.1 mm, a circularity of 0.12 mm at the 
maximum, a devliation of circle center for the mean outer 
diameter of 0.6 mm at the maximum and a deviation of 
the circle center for the mean inner diameter with 

40 respect to the circle center for the means outer diameter 
of 0.7 mm at the maximum. 

[0026] In the same method as in Example 1 . a core 
glass rod was prepared by conducting stretching while 
adjusting the outer diameter to 39 mm relative to the 

45 inner diameter of the quartz glass tube in a vertical elec- 
trical furnace at 2000*^0. The core glass rod was 
inserted into the quartz glass tube so as not to be in 
contact with the inner peripheral surface of the tube, to 
produce a quartz glass preform for optical fibers in the 

50 same manner as in Example 1 . When the outer periph- 
ery of the obtained preform was measured on 50 mm 
interval by a laser outer diameter measuring instrument 
the error was within ± 0.2 mm relative to the predeter- 
mined outer diameter. Further, when the quartz glass 

55 preform for optical fibers was measured by a preform 
analyzer, no deviation of circle center was observed. 



20 Example 3 
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Example 4 

[0027] After preparing a quartz glass tube in the 
same CVD method as that for the production conducted 
in Example 3, the quartz glass tube was placed in a ver- 
tical electric furnace heated to 2000''C. and an inert gas 
was caused to flow to the inside and the outside thereof. 
The quartz glass tube obtained was subjected to etch- 
ing by hydrofluoric add. washing with purified water and 
drying. When the surface roughness Rmax for the inner 
peripheral surface of the tube was measured, it was 0.3 
nm, and the surface roughness Rmax for the outer 
peripheral surface was also 0.35 pm. When the size of 
the quartz glass tube obtained was measured at 50 mm 
intervals by a laser outer diameter measuring instru- 
ment and a wall thickness measuring instrument, it had 
a length of 3500 mm. an outer diameter of 200 mm, a 
mean difference in the outer diameter in the longitudinal 
direction of 0.5 mm, a circularity of 0.05 mm at the max- 
imum, an inner diameter of 40 mm, a mean difference in 
the inner diameter in the longitudinal direction of 0.1 
mm, a circularity of 0.07 mm at the maximum, a devia- 
tion of circle center for the mean outer diameter of 0.3 
mm at the maximum and a deviation of the circle center 
for the mean inner diameter with respect to the circle 
center for the means outer diameter of 0.4 mm at the 
maximum. 

[0028] A core glass rod prepared in the same man- 
ner as in Example 1 with an outer diameter adjusted to 
39 mm for the inner diameter of the quartz glass tube 
was inserted into the quartz glass tube so as not to be 
in contact with the inner peripheral surface of the tube, 
to produce a quartz glass preform for optical fibers like 
that in Example 1 . When the outer periphery of the pre- 
form obtained was measured at 50 mm intervals by a 
laser outer diameter measuring instrument, the error 
was within ± 0.2 mm relative to the predetermined outer 
diameter. When the quartz glass preform for optical fib- 
ers was measured by a preform analyzer, no deviation 
of circle center was observed. 

Example § 

[0029] A porous soot body was prepared by using 
an OVD method vaporizing silicon tetrachloride, flame 
hydrolyzing it in an oxyhydrogen flame and depositing 
fine silica glass particles on the periphery of a rotating 
substrate. The porous soot body was charged in an 
electric furnace and heated and dehydrated at IIOO^'C 
by a gas mixture of He and CI2 while considering condi- 
tions such as refractive index of the core glass rod, and 
successively vitrified in a He atmosphere at 1600°C to 
produce a cylindrical quartz glass ingot. The cylindrical 
quartz glass ingot was cut at both ends and ground to 
an outer diameter of an approximate predetermined 
size by #100 diamond abrasive particles and then the 
size was measured by a laser outer diameter measuring 
instrument to determine the circle center for the outer 



diameter. Then, it was ground to an approximate prede- 
termined size by #150 diamond abrasive particles of a 
core drilling device being aligned with the circle center 
for the outer diameter and then polished with #1 000 and 

5 #3000 cerium oxide abrasive particles. The quartz glass 
tube obtained was etched by hydrofluoric acid, washed 
with purified water and then dried. When the size of the 
prepared quartz glass tube was measured by a laser 
outer diameter measuring instrument and a wall thick- 

10 ness measuring instrument, it had a length of 3500 mm, 
an outer diameter of 200 mm and an inner diameter of 
40 mm. Referring to the surface roughness for the inner 
and the outer peripheral surfaces, the maximum rough- 
ness Rmax on the inner peripheral surface vyas 0.7 fim 

75 and the center line average roughness Ra on the inner 
peripheral surface was 0.06 ^m and the maximum 
roughness Rmax on the outer peripheral surface was 
5.5 ^im and the center line average roughness Ra on 
the outer peripheral surface was 0.5 ^m. 

20 [0030] A core rod with cladding was prepared by a 
VAD method, and stretched under heating by a preci- 
sion autostretcher having outer diameter control while 
the outer diameter was adjusted to 39 mm relative to the 
inner diameter of the quartz glass tube. The core glass 

25 rod was carefully inserted into the quartz glass tube so 
that it was not in contact with the inner peripheral sur- 
face of the tube. The core glass rod and the quartz glass 
tube were secured with the circle center being aligned 
to each other, both ends were connected to quartz glass 

30 dummy tubes, inserted from the lower end portion into a 
vertical electric furnace at 2000°C from above, the lower 
end portion was welded and then heated zonewise suc- 
cessively while reducing the pressure in the quartz 
glass tube by a vacuum punp to produce a preform for 

35 optical fibers. The preform obtained was cut at every 
1000 mm and, when white light was applied to one of 
them from the end in a dark room, the number of bub- 
bles with the minimum unit of 0. 1 mm or more that could 
be visually recognized was 9 per 1000 mm. Further, 

40 when the size of the outer diameter was measured at 50 
mm intervals by a laser outer diameter measuring 
instrument, the dimensional error was within ± 0.2 mm. 
When the quartz glass preform for optical fibers was 
measured by a preform analyzer, no deviation for the 

45 circle center was observed. 

Example 6 

[0031] A large porous soot body was prepared 
so using a VAD method by vaporizing silicon tetrachloride, 
flame hydrolyzing it in oxyhydrogen flame and deposit- 
ing fine silica glass particles on a rotating quartz glass 
bar. The porous soot body was charged in an electric 
furnace and heated and dehydrated at 1 1 0O^'C by a gas 
55 mixture of He and CI2, while considering conditions 
such as refractive index of a core glass rod. and succes- 
sively vitrified in a He atmosphere at 1 GOO^'C to produce 
a columnar quartz glass ingot. The columnar quartz 
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glass ingot was cut at both ends and ground for the 
outer diameter to an approximate predetermined size 
by #100 diamond abrasive particles and then by #300 
diamond abrasive particles of a cylindrical grinding 
device. Then, the size was measured by a laser outer 
diameter measuring instrument to determine the circle 
center for the outer diameter. An aperture was formed 
by a core drilling device while being aligned with the cir- 
cle center for the outer diameter and Then polished with 
#1000 and #3000 cerium oxide abrasive particles using 
a precious honing fabrication device. The polished 
quartz glass tube was heated to 2000°C in an electric 
furnace while flowing an inert gas to conduct melting 
mirror finish for the surface and then etched by 
hydrofluoric acid, washed by purified water and dried to 
prepare a quartz glass tube of high accuracy. When the 
size of the quartz glass tube was measured by a laser 
outer diameter measuring instrument and a wall thick- 
ness measuring instrument, it had a length of 1000 mm, 
an outer diameter of 60 mm and an inner diameter of 20 
mm. Further, when the surface roughness for the inner 
and the outer peripheral surfaces was examined, the 
maximum roughness Rmax was 0.2 ^m and the center 
line average roughness Ra was 0.03 pm on the inner 
peripheral surfaces, and the maximum roughness 
Rmax was 0.3 iim and the center line average rough- 
ness Ra was 0.05 ^m on the outer peripheral surface. 
[0032] A core rod with cladding was prepared by a 
VAD method, and stretched under heating by a preci- 
sion autostretcher having outer diameter control while 
the outer diameter was adjusted to 1 9 mm relative to the 
inner diameter of the quartz glass tube. The core glass 
rod was carefully inserted into the quartz glass tube so 
that it was not in contact with the inner peripheral sur- 
face of the tube. The core glass rod and the quartz glass 
tube were secured with the circle center being aligned 
to each other, both ends were connected to quartz glass 
dummy tubes. Inserted from the lower end portion Into a 
vertical electric furnace at 2000°C from above, the lower 
end portion was welded and then heated zonewise suc- 
cessively while reducing the pressure in the quartz 
glass tube by a vacuum pump to produce a preform for 
optical fibers. The preform obtained was cut on every 
1000 mm and, when white light was applied to one of 
them from the end in a dark room, the number of bub- 
bles with the minimum unit of 0.1 mm or more that could 
be visually recognized was 4 per 1000 mm. When the 
size of the outer diameter was measured at 50 mm 
intervals by a laser outer diameter measuring instru- 
ment, the dimensional error was within ± 0.2 mm. Fur- 
ther, when the quartz glass preform for optical fibers 
was measured by a preform analyzer, no deviation for 
the circle center was observed. 

Example 7 

[0033] A porous soot body was prepared by using a 
VAD method vaporizing silicon tetrachloride, flame 



hydrolyzing the same in oxyhydrogen flame and depos- 
iting fine silica glass particles on a rotating quartz glass 
bar. To the flame hydrolyzing burner, were supplied car- 
bon tetrachloride at 1500 g/h. a gaseous hydrogen at 

5 3.0 m^/h and oxygen gas at 2.3 m^/h. The porous soot 
body obtained had an outer diameter of about 250 mm 
and length of about 2000 mm. The porous soot body 
was placed in an electric furnace, subjected to heating 
and dehydrating treatment at IIOO^'C in a mixed gas 

10 atmosphere of a nitrogen gas at 0.5 vr?fh and a chlorine 
gas at 0.05 rr?Ih while considering conditions such as 
refractive index of the core glass rod, and successively 
vitrified in a vacuum atmosphere at 1 Pa or lower and at 
leoO'^C to produce a cylindrical quartz glass ingot. The 

15 cylindrical quartz glass ingot obtained had an outer 
diameter of about 120 mm and a length of about 1500 
mm. The ingot was cut at both ends and ground to an 
outer diameter of 90 mm by a cylindrical grinding 
device. TTie circle center for the outer diameter was 

20 determined, an aperture was formed by a core drilling 
device while being aligned with the circle center and 
polished to a size of 25 mm by a precision honing 
device. The quartz glass tube obtained had an outer 
diameter of 90 mm, and an inner diameter of 25 mm and 

25 was cut to a 1 000 mm length. 

[0034] When OH groups, chlorine and gas dis- 
charge quantity in vacuum at lOOO^'C were measured 
for the samples of the quartz glass tube, the residual 
OH group concentration was 0. 1 ppm. the chlorine con- 

30 centration was 1500 ppm, the gaseous hydrogen dis- 
charge quantity is 5.5 x 10^^ molecules/cm'^ and water 
vapor discharge quantity was 1.8x10^^ moiecules/cm^. 
[0035] A core rod with cladding was prepared by a 
VAD method, and stretched under heating in a vertical 

35 electric furnace to an outer diameter of 20 mm and a 
length of 1000 mm. The core glass rod was carefully 
inserted into the quartz glass tube so that it was not in 
contact with the inner peripheral surface of the tube. 
The core glass rod and the quartz glass tube were 

40 secured with the circle center being aligned to each 
other, both ends were connected to quartz glass 
dummy tubes, inserted from the lower end portion into a 
vertical electric furnace at 2000°C from above at 90 
mm/min. the lower end portion was welded and tiien 

45 heated zonewise successively to be welded integrally 
while reducing tiie pressure in the quartz glass tube by 
a vacuum pump to produce a preform for optical f bers. 
The preform obtained was cut at every 1000 mm and. 
when white light was applied to one of them from the 

so end in a dark room, the number of bubbles with the min- 
imum unit of 0.1 mm or more tiiat could be visually rec- 
ognized was 7 per 1000 mm. 

Example? 

55 

[0036] A porous soot body was prepared by tiie 
same VAD method as in Example 7. which was dehy- 
drated and then the quartz glass tube obtained was 
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ground to an outer diameter of 100 mm by the same 
grinding and polishing method as in Example 7 and pol- 
ished to 25 mm inner diameter. Then, the quartz glass 
tube was placed in a horizontal electric furnace heated 
to 2000''C for degassing and surface mirror finishing of 
quartz glass tube, and heat treatment was conducted 
while flowing an inert gas to the inside and the outside 
of the quartz glass tube. The quartz glass tube after 
treatment had an outer diameter of 90 mm and an inner 
diameter 25 mm and it was cut into 1000 mm length. 
When the OH groups and chloride, as well as gas dis- 
charge quantity at 1000°C in vacuum were measured 
for this sample, the residual OH group concentration 
was about 0.1 ppm. the chlorine concentration was 
1500 ppm. the gaseous hydrogen discharge quantity 
was 2.5 X 10^^ molecules/cm^ or lower and the water 
vapor discharge quantity was 8.0 x 10^^ molecules/cm^ 
or lower. 

[0037] A core rod with cladding was prepared by a 
VAD method, and stretched under heating In a vertical 
electric furnace to 20 mm outer diameter and 1000 mm 
length. The core glass rod was carefully inserted into 
the quartz glass tube so that it was not in contact with 
the inner peripheral surface of the tube. The core glass 
rod and the quartz glass tube were secured with their 
circle center being aligned to each other, both ends 
were connected to quartz glass dummy tubes, inserted 
from the lower end portion into a vertical electric fur- 
nace at 2000*'C from above at 90 mm/min, the lower 
end portion was welded and then heated zonewise suc- 
cessively to be welded integrally while reducing the 
pressure in the quartz glass tube to produce a preform 
for optical fibers. The obtained preform was cut at every 
1000 mm and, when white light was applied to the 
obtained quartz glass preform from the end in a dark 
room, the number of bubbles with the minimum unit of 
0.1 mm or more that could be visually recognized was 4 
per 1000 mm. 

Example 9 

[0038] A porous soot body was prepared by the 
same VAD method as in Example 8. was then vitrified, 
and then ground and polished in the same manner as in 
Example 8 to prepare a synthetic quartz glass tube of 
90 mm outer diameter, 25 mm diameter and 1000 mm 
length. For degassing and min-or finishing, the tube was 
Inserted In a horizontal electric furnace heated to 
1000*^0 and subjected to heating and degassing treat- 
ment in the vacuum atmosphere at 1 Pa or lower in the 
furnace. When the OH groups, chlorine and gas dis- 
charge quantity in vacuum at lOOO^'C were measured 
for the sample, the residual OH group concentration 
was about 0.1 ppm. the chlorine concentration was 
1500 ppm, gaseous hydrogen discharge quantity was 
2.0 X 10""^ molecules/cm^ as the detection limit or lower 
and the water vapor discharge quantity was at 5.0 x 
10**^ molecules/cm^ as the detection limit or lower. 



[0039] A core rod with cladding was prepared by a 
VAD method, and stretched under heating by a vertical 
electric furnace to 20 mm outer diameter and 1000 mm 
length. The core glass rod was carefully inserted into 

5 the quartz glass tube such that it was not in contact with 
the inner peripheral surface of the tube. The core glass 
rod and the quartz glass tube were secured with their 
circle centers being aligned to each other, both ends 
were connected to quartz glass dummy tubes, inserted 

10 from the lower end portion into a vertical electric fur- 
nace at 2000*^0 from above at 90 mm/min. the lower 
end portion was welded and then heated zonewise suc- 
cessively to be welded integrally while reducing the 
pressure in the quartz glass tube to produce a preform 

75 for optical fibers. When white light was applied to the 
obtained quartz glass preform from the end face in a 
dark room, no bubbles of a minimum size of 0.1 mm or 
more were visually observed. 

20 Example 10 

[0040] A porous soot body was prepared using a 
OVD method by vaporizing silicon tetrachloride at high 
purity, flame hydrolyzing the same in oxyhydrogen flame 

25 and depositing them on a substrate of 50 mm outer 
diameter rotating at 50 rpm, to prepare a porous soot 
body. To the flame hydrolyzing burner, were supplied 
carbon tetrachloride at 1500 g/h, gaseous hydrogen at 
1 .8 vrP/h and oxygen gas at 0.9 m^/h, respectively. The 

30 porous soot body obtained had an outer diameter of 
about 400 mm and a length of about 3500 mm. The 
porous soot body was placed in an electric furnace, 
subjected to heating and dehydrating treatment at 
lOOO^'C in a mixed gas atmosphere of a nitrogen gas at 

35 0.5 rr?Ih and a chlorine gas at 0.05 m^/h while consid- 
ering conditions such as refractive index of the core 
glass rod, vitrified in a vacuum atmosphere at 1600°C 
and then the substrate was withdrawn to produce a 
cylindrical quartz glass ingot. The cylindrical quartz 

40 glass ingot obtained had an outer diameter of about 200 
mm, an inner diameter of about 50 mm and a length of 
about 3500 mm. The ingot was cut at both ends and the 
inner and the outer peripheries were mechanically 
ground and polished to prepare a synthetic quartz glass 

45 tube having an outer diameter of 195 mm. an inner 
diameter of 55 mm and a length of 3000 mm. 
[0041 ] When a sample of the quartz glass tube was 
analysed, the residual OH group concentration was 0.1 
ppm, the chlorine concentration was 2000 ppm, the 

50 gaseous hydrogen discharge quantity is 6.0 x 10^^ mol- 
ecules/cm^ and water vapor discharge quantity was 2.0 
X 10^^ molecules/cm^. 

[0042] A core rod with cladding was prepared by a 
VAD method, and stretched under heating in a vertical 
55 electric furnace to 50 mm outer diameter and 3000 mm 
length. The core glass rod was carefully inserted into 
the quartz glass tube such that it was not in contact with 
the inner peripheral surface of the tube. The core glass 
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rod and the quartz glass tube were secured with their 
circle centers being aligned to each other, both ends 
were connected to quartz glass dummy tubes, inserted 
from the lower end portion into a vertical electric fur- 
nace at 2300*'C from above at 25 mm/min. the lower 
end portion was welded and then heated zonewise suc- 
cessively to be welded Integrally while reducing the 
pressure in the quartz glass tube to produce a preform 
for optical fibers. The preform obtained was cut at every 
1000 mm and. when white light was applied to one of 
them from the end in a dark room, the number of bub- 
bles with a minimum size of 0.1 mm or more That could 
be visually recognized was 9 per 1000 mm, indicating 
that a large quartz glass preform for optical fibers with 
fewer bubbles could be obtained from a large diameter 
quartz glass tube. 

Comparative Example 1 

[0043] A porous soot body was preparing in the 
same manner as in Example 7, heated at 1000°C in a 
furnace of an atmos(^ere containing a nitrogen gas at 
0.5 m^Ai, without conducting dehydration by a chlorine 
gas and then vitrified at 1600**C. The quartz glass ingot 
obtained had an outer diameter of about 120 mm and a 
length of about 1500 mm. The ingot was cut at both 
ends and the outer periphery was ground to 90 mm by 
a cylindrical grinding device, the circle center for the 
outer diameter was determined, an aperture was 
formed by a core drilling device being aligned with the 
circle center and polished to a size of 25 mm by a preci- 
sion honing device. The quartz glass tube had an outer 
diameter of 90 mm and an inner diameter of 25 mm and 
it was cut into 1000 mm length. 
[0044] When OH groups, chlorine and gas dis- 
charge quantity in vacuum at 1000°C were measured 
for the sample of the quartz glass tube, the residual OH 
group concentration was 300 ppm, the chlorine concen- 
tration was 10 ppm, the gaseous hydrogen discharge 
quantity was 1 .2 x 1 o""^ molecules/cm^ and water vapor 
discharge quantity was 2.3 x lO""^ molecules/cm^. 
[0045] A core rod with cladding was prepared by a 
VAD method, and stretched under heating by a preci- 
sion autostretcher having outer diameter control to an 
outer diameter of 20 mm and a length of 1000 mm. The 
core glass rod was carefully inserted into the quartz 
glass tube such that it was not in contact with the inner 
peripheral surface of the tube. The core glass rod and 
the quartz glass tube were secured with their circle 
centers being aligned to each other, both ends were 
connected to quartz glass dummy tubes, inserted from 
the lower end portion into a vertical electric furnace at 
2000°C from above at 90 mm/min. the lower end portion 
was welded and then heated zonewise successively to 
be welded integrally while reducing the pressure in the 
quartz glass tube to produce a preform for optical fiber. 
When white light was applied to the quartz glass pre- 
form from the end In a dark room, the number of bubbles 



with a minimum size of 0.1 mm or more that could be 
visually recognized was 19 per 1000 mm. 

Comparative Example 2 

5 

[0046] A transparent quartz glass tube was pre- 
pared by a so-called direct method of depositing and 
simultaneously vitrifying fine silica glass particles 
formed by flame hydrolyzing silicon tetrachloride at high 

10 purity to a glass bar rotating at 20 rpm. To the flame 
hydrolyzing burner, were supplied carbon tetrachloride 
at 2000 g/h, gaseous hydrogen at 20 m^/h and oxygen 
gas at 10 m^/h. The transparent glass ingot obtained 
had an outer diameter of about 120 mm and length of 

15 about 1300 mm. The ingot was cut at both ends and 
ground to an outer diameter of 90 mm by a cylindrical 
grinding device, the circle center for the outer diameter 
was determined, and an aperture was formed by a core 
drilling device while being aligned with tiie circle center 

20 and was polished to a size of 25 mm by a precision hon- 
ing device. The quartz glass tube obtained had an outer 
diameter of 90 mm, and an inner diameter of 25 mm and 
was cut into 1000 mm length. 
[0047] When OH groups, chlorine and gas dis- 

25 charge quantity in vacuum at lOOO^'C were measured 
for the sample of the quartz glass tube, the residual OH 
group concentration was 1000 ppm, the chlorine con- 
centration was 100 ppm, the gaseous hydrogen dis- 
charge quantity is 4.0 x 10^® molecules/cm^ and the 

30 water vapor discharge quantity was 2.2 x 10""^ mole- 
cules/cm^. 

[0048] A core rod with cladding was prepared by a 
VAD method, and stretched under heating in a vertical 
electric furnace to 20 mm outer diameter and 1000 mm 

35 lengtii. The core glass rod was carefully inserted into 
the quartz glass tube sothat it was not in contact with 
the inner peripheral surface of tiie tube. The core glass 
rod and the quartz glass tube were secured witii their 
circle centers being aligned to each other, botii ends 

40 were connected to quartz glass dummy tubes, inserted 
from tiie lower end portion into a vertical electric fur- 
nace at 2000°C from above at 90 mm/min, the lower 
end portion was welded and then heated zonewise suc- 
cessively to be welded integrally while reducing tiie 

45 pressure in the quartz glass tube to produce a preform 
for optical fibers. The preform obtained was cut at every 
1000 mm and, when white light was applied to the 
quartz glass preform from the end in a dark room, the 
number of bubbles witii a minimum size of 0.1 mm or 

50 more that could be visually recognized was 28 per 1000 
mm. 

Comparative Example 3 

55 [0049] Using naturally occurring crystals, a trans- 
parent glass ingot of an outer diameter of about 1 20 mm 
and a length of about 1300 mm was produced in oxyhy- 
drogen flame comprising gaseous hydrogen at 30 m^/h 
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and hydrogen gas at 15 m^/h. The ingot was ground at 
both ends and the outer periphery was cut to 90 mm by 
a cylindrical grinding device, the circle center for the 
outer diameter was determined, an aperture was 
formed by a core drilling device being aligned with the 
circle center and was polished to a size of 25 mm by a 
precision honing device. The quartz glass tube had an 
outer diameter of 90 mm and an inner diameter of 25 
mm and it was cut into 1000 mm length. 
[0050] When OH groups, chlorine and gas dis- 
charge quantity in vacuum at 1000**C were measured 
for the samples of the quartz glass tube, the residual 
OH group concentration was 180 ppm, the chlorine con- 
centration was not detected, the gaseous hydrogen dis- 
charge quantity is 1.3 x 10^® molecules/cm^ and the 
water vapor discharge quantity was 6.0 x 10^^ mole- 
cules/cm^. 

[0051 ] A core rod with cladding was prepared by a 
VAD method, and stretched under heating by a preci- 
sion autostretcher having outer diameter control to an 
outer diameter of 20 mm and a length 1300 mm. The 
core glass rod was carefully inserted into the quartz 
glass tube so that it was not in contact with the inner 
peripheral surface of the tube. The core glass rod and 
the quartz glass tube were secured with their circle 
centers being aligned to each other, both ends were 
connected to quartz glass dummy tubes, inserted from 
the lower end portion into a vertical electric furnace at 
2000°C from above at 90 mm/min. the lower end portion 
was welded and then heated zonewise successively to 
be welded integrally while reducing the pressure in the 
quartz glass tube to produce a preform for optical fibers. 
When white light was applied to tiie quartz glass pre- 
form, from the end face in a dark room, the number of 
bubbles with a minimum size of 0.1 mm or more that 
could be visually recognized was 48 per 1000 mm. 
[0052] Because tiie quartz glass preform for optical 
fibers obtained by the production metiiod according to 
the present invention utilizes a quartz glass tube having 
. high dimensional accuracy, the clearance between the 
core glass rod and the quartz glass tube in the preform 
can be minimized in producing a quartz glass preform 
for optical fibers in accordance witii a rod-ln-tube 
method, resulting in high accuracy and quality of the 
preform, which is free from tiie presence of bubbles at 
the welded interface between the quartz glass tube and 
the core glass rod used for the preform. By using tiie 
quartz glass preform for optical fibers, high qualHy opti- 
cal fibers can be obtained at a high mass productivity 
and at a reduced cost. 

[0053] The foregoing specification has thus 
described a novel metiiod for producing quartz glass 
preform for optical fibers. Many changes, modifications, 
variations and other uses and applications of tiie sub- 
ject invention will, however, become apparent to tiiose 
skilled in the art after considering this specification 
which discloses the preferred embodiment tiiereof. All 
such changes, modifications, variations and other uses 



and applications which do not depart from the spirit and 
scope of tiie invention are deemed to be covered by tiie 
invention. 



1. A method for producing a quartz glass preform for 
optical fibers comprising inserting a core glass rod 
into a quartz glass tube and tiien heating and melt 

10 welding it to obtain a monol'rthic body, wherein said 
quartz glass tube has in ist longitudinal direction a 
mean difference in outer diameter of up to about 1 .0 
mm. a mean difference in inner diameter of up to 
about 0.5 mm, an outer diameter circularity of 0.5 

75 mm, an inner diameter circularity of up to about 0.5 
mm, and a deviation of circle center for the mean 
outer diameter of up to about 1 mm witii a deviation 
of the circle center for tiie mean Inner diameter witii 
respect to the circle center for the mean outer diam- 

20 eter of up to about 1 mm or less, 

said quartz glass tube having been obtained by 
mechanically grinding tiie Inner and outer 
peripheral surface of a high purity quartz glass 
25 ingot using diamond abrasive particles and 

then mechanically polishing tiie inner periph- 
eral surface tiiereof witii cerium oxide abrasive 
particles, 

said quartz glass tube having an OH group 
30 concentration of up to about 1 ppm, a chlorine 

content of up to about 3000 ppm, a gaseous 
hydrogen discharge quantity of up to about 1.0 
X 10^^ molecule/cm^, and a water vapor dis- 
charge quantity of up to about 2.0 x 10^^ mde- 
35 cule/cm^. 

2. A method for producing a quartz glass preform for 
optical fibers as claimed in Claim 1 . wherein tiie 
quartz glass tube is a high purity syntiietic quartz 

40 glass tube or a high purity naturally occurring 
quartz glass tube. 

3. A method for producing a quartz glass preform for 
optical fibers as claimed in Claim 1 or 2, wherein 

45 the quartz glass tube comprises an inner peripheral 
surface having a maximum roughness Rmax of up 
to about 1 ^m and a center line average roughness 
Ra of up to about 0.1 pm, and an outer peripheral 
surface having a maximum roughness Rmax of up 

50 to about 10 |im and a center line average rough- 
ness Ra of up to about 1 »im. 

4. A method for producing a quartz glass preform for 
optical fibers as claimed in Claim 2, wherein tiie 

55 quartz glass tube comprises an inner peripheral 
surface having a maximum roughness Rmax of up 
to 1 M^i and a center line average roughness ra of 
up to about 0.1 ^m, and an outer peripheral surface 
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having a maximum roughness Rmax of up to about 
10^ and a center line average roughness Ra of 
uptoabout 1(xm. 

5. A method for producing a quartz glass preform for 5 
optical fibers as claimed In Claim 1 . wherein the 
inner and the outer peripheral surfaces of the 
quartz glass tube are further heated and melted 
into a mirror-finished surface. 

10 

6. A method for producing a quartz glass preform for 
optical fibers as claimed in Claim 5, wherein the 
quartz glass tube comprises an inner and outer 
peripheral surface having a maximum roughness 
Rmax of up to about 0.5 ^m, an Inner peripheral 75 
surface having a center line average Ra of up to 
about 0.05 ^m, and an outer peripheral surface 
having a center line average roughness Ra of up to 
about 0.1 pm. 

20 

7. A method for producing a quartz glass preform for 
optical fibers, characterized by comprising further 
heat treating the quartz glass tube as claimed in 
Claim 1 in air or in an inert gas in the temperature 
range of from about SOO^'C to about 2500'>C to con- 25 
trol the gaseous hydrogen discharge quantity to a 
value up to about 5.0 x 10^^ molecule/cm^, and the 
water vapor discharge quantity to a value up to 
about 1.0 X lO""^ molecule/cm^. 

30 

8. A method for producing a quartz glass preform for 
optical fibers, as claimed In claim 1. which com- 
prises further heat treating the quartz glass tube in 
vacuum in the temperature range of from about 
800*C to about 2500'*C to control the gaseous 35 
hydrogen discharge quantity to a value up to about 

2.0 X 10^^ molecule/cm^, and the water vapor dis- 
charge quantity to a value up to about 5.0 x 10^^ 
molecule/cm^. 



12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



